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Introduction: Longitudinal studies of autistic children show that autism symptoms 
and emotional/behavioral problems vary and change over time. However, the 
factors that affect this variability remain far from certain and very little is known 
about what take place in the preschool period and the role of executive functions 
(EF).

Methods: Here, we test the influence of stable difficulties in everyday executive 
functioning (EEF) during early childhood across 2  years on autistic symptoms 
and emotional and behavioral problems. Twenty-nine autistic children (24 males 
and 5 females) were assessed twice within the space of 2  years. At baseline 
(M  =  29  months, SD =5.6  months), participants were assessed for EEF, cognitive 
development, autistic symptoms, and emotional/behavioral problems. At follow-
up, we repeated the same assessment except for cognitive development.

Results: The group with stable difficulties (across 2  years) in EEF during early 
childhood showed a worsening in the severity of autistic symptoms and emotional 
and behavioral problems compared with children without EEF difficulties 
(p <  0.05), and these effects cannot be attributable to cognitive development.

Discussion: Our results suggest that early and stable EEF plays the role of a 
modifier by interacting with the core domains of autism, in particular with the 
social affect domain (SA CSS), influencing social cognition and exacerbating or 
lessening symptom expression and emotional behavioral problems. These short-
term longitudinal and preliminary findings underscore the importance of EEF as 
necessary target for early intervention in children with autism.
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1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental 
condition characterized by deficits in social communication and 
interaction, hypo- or hyperreactivity to sensory stimuli, and restricted 
and repetitive behaviors and interests (American Psychiatric 
Association, 2013). Children and adolescents with ASD usually have 
impairments in executive functions (EF) which refer to cognitive 
constructs that encompasses a series of processes such as emotion 
regulation, coping strategies, attention maintenance, and management 
of flexible problem-solving (Pennington and Ozonoff, 1996; Sergeant 
et al., 2002; Hill, 2004; Kenworthy et al., 2008).

It is worthy of note that a recent meta-analysis confirmed broad 
executive dysfunction in participants with ASD and suggested that 
difficulties remain stable across development (Demetriou et al., 2018) 
or limited improvements can be observed over time (Anderson, 2002).

For example, no changes in concept formation ratings, impaired 
response inhibition over time, and lack of longitudinal improvement 
in working memory are commonly observed (Luna et al., 2007; Van 
den Bergh et al., 2014; Andersen et al., 2015b).

However, there is a lot of variability in EF study results and it is 
necessary to consider the type of tools used during assessment: 
neuropsychological or performance-based measures are reliable 
indicators of EF components (e.g., inhibition and working memory), 
but do not always represent everyday executive functions (EEFs) 
(Burgess et al., 2006; Gardiner et al., 2017) that refer to emotional and 
behavioral process such as inhibition, shifting, emotional control, 
working memory, planning, and organization observed by parents in 
everyday life settings (Gioia et al., 1996). In contrast to performance-
based EF tasks, ratings of EEF represent real world difficulties of 
children during social interactions, shifting from one activity to 
another, or during new tasks (Kenworthy et al., 2008; Toplak et al., 
2013). Moreover, it is within this perspective that EF difficulties are 
most evident (Rosenthal et  al., 2013; Smithson et  al., 2013; Blijd-
Hoogewys et al., 2014; Granader et al., 2014; Van den Bergh et al., 
2014), being more directly related to functional outcomes (Pugliese 
et  al., 2016; Tsermentseli et  al., 2018) and persistent across time 
(Rosenthal et al., 2013).

Furthermore, studies that focus on EF or EEF during the 
pre-school period are still limited (with participants below the age of 
6 years) (Espy, 2004) and findings of EF/EEF impairments have 
revealed conflicting data (McEvoy et al., 1993; Dawson et al., 1998; 
Griffith et al., 1999; Dawson et al., 2002; Stahl and Pry, 2002; Yerys 
et al., 2007). For example, Valeri et al. (2020) found differences in EF 
performance in a group of very young children with ASD in shifting 
and inhibitory control compared with the control group (TD) and 
this was confirmed also by Garon et al. (2018). Conversely, previous 
studies (Griffith et al., 1999; Dawson et al., 2002; Yerys et al., 2007) 
found no specific EF deficit in preschool children compared with 
either control groups. This variability of results, in addition to other 
factors, could also be influenced by the difficulties in measuring EF 
and EEF within a condition, such as ASD, that is heterogeneous and 
often associated with a highly variable functioning profile and 
different developmental trajectories (Lord et al., 2020). Nevertheless, 
an association between EEF difficulties and other factors, including 
(a) the severity of autism symptoms (Leung et al., 2016; Torske et al., 
2018), (b) adaptive functioning (Gilotty et al., 2002; Pugliese et al., 
2016), and (c) emotional and behavioral problems (Wallace et al., 
2016; Gardiner and Iarocci, 2018), as well as other problems (Rosello 

et al., 2018), was confirmed in children with ASD, but still few pieces 
of research have studied these relationships over time (Renty and 
Roeyers, 2006; Billstedt et al., 2011; Bishop-Fitzpatrick et al., 2016).

Considering the previous background and taking into account the 
potential source of variability of autism symptoms and emotional and 
behavior problems, it may be useful to understand the relationship 
between early and persistent difficulties in EEF and autism symptoms 
and emotional/behavioral problems in order to design appropriate 
intervention strategies.

1.1. The relationship between EF/EEF and 
ASD symptoms

The relationship between EF/EEF and autism symptoms in 
children and adolescents have been demonstrated with both 
performance-based and everyday report measures, but the results are 
still limited and contrasting (Liss et al., 2001; Ozonoff et al., 2004; 
Verte et  al., 2006; Solomon et  al., 2008; Kenworthy et  al., 2009; 
Semrud-Clikeman et al., 2010).

The relationship between EF and restricted and repetitive 
behaviors (RRBs) of individuals with ASD has been well studied in 
school-age children and adults using performance-based tasks 
(Russell, 1997; Hill, 2004; Lopez et al., 2005; Ozonoff and Schetter, 
2007; Yerys et  al., 2009) and specific difficulties in inhibition and 
shifting have been hypothesized to have a relationship with RRBs 
(Turner, 1997). For example, Mosconi et  al. (2009) showed that 
impaired inhibition of automated responses was related to enhanced 
higher order repetitive behaviors (e.g., compulsions) in people with 
ASD. South et al. (2007) found a link between RRBs and flexibility in 
a group of 19 individuals (ages 10–19) with high-functioning autism 
spectrum disorders (South et al., 2007).

Similarly Lopez and colleagues, when comparing adults with ASD 
and matched controls in an executive function battery (Delis-Kaplin 
Executive Function Scales; Swanson, 2005) found that several 
executive processes (i.e., cognitive flexibility, working memory, and 
response inhibition) were highly related to RRBs (Lopez et al., 2005). 
Also, D'Cruz and colleagues found that individuals with ASD had 
lower scores for flexibility tasks (reversal learning task) that correlated 
with the severity of RRBs (D'Cruz et al., 2013). Conversely, when 
considering preschool-age children (mean age = 2.9 years) with ASD, 
Yerys and colleagues found that no specific EF deficits were in 
relationship with autism symptoms compared with matched controls 
(Yerys et al., 2007). Regarding EEF, the links between the everyday 
rating of EF and RRBs have been found in 9–10 year old children: 
Kenworthy and colleagues, using the Behavior Rating Inventory of 
Executive Function (BRIEF) for assessment (Gioia et  al., 2000), 
showed that everyday measures of inhibition, flexibility, and emotional 
control were related to the severity of RRBs (Kenworthy et al., 2009) 
and this relationship was partially confirmed by Semrud-Clikeman 
et al. (2010) in children with Asperger syndrome aged 9–16 years. 
Concerning the relationship between EF and social affect (SA) 
difficulties (i.e., social interaction, communication, and social 
cognition), different opinions exist and several authors have suggested 
that impaired EF have a relationship with social communication 
problems in individuals with ASD traits (Hill, 2004; Gökçen et al., 
2016). Also, individual differences in theory of mind (ToM), which is 
frequently associated with EF, have been shown to predict children’s 
social interaction and communication difficulties (Tager-Flusberg, 
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2003). In a study conducted with preschool-aged children, a significant 
relationship was found between EF and social communication skills 
(McEvoy et al., 1993).

Supporting this, a recent longitudinal study highlighted the link 
between early EF deficits and later autism symptom severity (such as 
SA difficulties) after about 12 years (Kenny et  al., 2019). When 
considering the ecological perspective, Gilotty et al. (2002) found that 
EEF components (initiation and working memory) had a relationship 
with social interaction and communication (Gilotty et  al., 2002). 
Conversely, from a performance-based perspective, flexibility (a 
specific component of EF) has not been recently reported to be in 
relation with socio-communication abilities in children with ASD 
(D'Cruz et al., 2013; Reed et al., 2013). Also, Yerys et al. (2009), in a 
sample of school-age children, reported no correlation between a 
specific component of EF (set-shifting) and social or communicative 
symptoms in ASD. To our knowledge, there are very few studies 
investigating the link between EF and autism symptoms during the 
preschool age period: only Pellicano and colleagues showed that 
performance in an EF battery predicted later social cognition 
(Pellicano, 2007, 2010). Similar findings (Faja et al., 2016) showed that 
EF during the preschool period significantly predicted pre-symbolic 
and symbolic play skills (often associated with social cognition) at the 
age of 6 in a sample of children with ASD.

1.2. The relationship between EF/EEF and 
emotional and behavioral problems in ASD

EF play an important role in the mental health of children with 
ASD (Gardiner and Iarocci, 2018) and it has been estimated that the 
prevalence rate for anxiety is greater than 84% (White and 
Roberson-Nay, 2009) and 38% for depression (Magnuson and 
Constantino, 2011), with important implications on social skills and 
the ability to cope and adapt to the difficulties of everyday life (Kim 
et al., 2000; Johnston and Iarocci, 2017). In general, ASD is frequently 
associated with emotional and behavioral problems of both 
internalizing (e.g., mood disorders and anxiety) and externalizing 
difficulties (e.g., irritability, aggressiveness, and behavior difficulties) 
(Bauminger et al., 2010; Rosenberg et al., 2011; Strang et al., 2012). 
Although there are many diagnostic challenges in detecting them, it 
is necessary to take into account early predictors of emotional and 
behavioral symptoms (Riggs et al., 2006) and long-term studies with 
TD children suggest that attention should be paid to the development 
of EEFs in this process (Riggs et al., 2006; Martel et al., 2007; Vogan 
et al., 2018). However, studies examining the relationship between EF 
and/or EEF and emotional and behavioral problems in pre-school 
children with ASD are still scarce: some studies found relationships 
between EF difficulties and anxiety, depression, and aggressiveness 
in youths with ASD (Hollocks et al., 2014), but other studies failed to 
find relationships with performance-based tests (Simonoff et  al., 
2012; Andersen et al., 2015a,b). Interestingly, from the ecological 
perspective, Lawson et  al. (2015) demonstrated a link between 
anxiety and depression that was mediated by EEF using the Behavior 
Rating Inventory of Executive Function assessment (BRIEF; shift 
scale; Gioia et al., 2000) in school-age children and adolescents with 
ASD, and Wallace et  al. (2016) found that everyday measures of 
shifting had a relationship with anxiety among adults with ASD, 
whereas planning and organization abilities predicted depression. 
Partially in contrast with previous findings, Gardiner and Iarocci 

(2018) found that BRIEF (Gioia et  al., 2000) index scores were 
unrelated to anxiety, but behavior regulation, a component of EEF, 
was significantly associated with depression symptoms for children 
with and without ASD.

1.3. Research aims

In summary, these findings provide some evidence that a possible 
factor contributing to the variability of autism symptoms and 
emotional/behavioral problems in children with ASD might 
be  individual differences in EF and EEF. As an informant 
questionnaire-based approach is different and complementary to 
performance-based tasks (Meltzer and Krishnan, 2007; Kenworthy 
et al., 2008), our study focused on parent-reported EF measures using 
the Behavior Rating Inventory of Executive Function – Preschool 
Version (BRIEF-P) (Gioia et  al., 1996), which takes into account 
everyday difficulties in the EF of preschool children. We examined the 
general EEF domain (GEC), in order to provide a broad view of 
everyday executive functioning. In fact, the EF structure reflects a 
collection of cognitive process (e.g., working memory, inhibition, and 
flexibility), but this appears to be  inapplicable in early childhood 
(Wiebe et al., 2011). This is in line with Wiebe et al. (2008), who found 
that, in preschool-age children (3-6 years old), one EF factor best fit 
with the neurodevelopmental prospective. Recently, Hughes et  al. 
(2009) also found that a global and unitary EF factor best represented 
preschool children’s performance in a two time point study where 
children were assessed at 4 and 6 years of age (Hughes et al., 2009). The 
present preliminary study aims to investigate whether early and stable 
EEF difficulties predict later autism symptoms and/or emotional/
behavioral problems in children with ASD after 2 years of follow-up. 
A better knowledge of this relationship in preschool-age children with 
ASD could offer an insight into the complexity of the condition, which 
is extremely important for caregivers, teachers, and clinicians. 
Furthermore, an enhanced understanding of these links may allow for 
better assessment and the implementation of knowledge for specific 
targeted interventions.

2. Methods

2.1. Participants

The present study was conducted from January 2017 and 
December 2021 at the Child and Adolescent Neuropsychiatry Unit at 
the Bambino Gesù Children’s Hospital in Rome. The Ethical 
Committee of the Istituto Superiore di Sanità (Rome, Italy) approved 
the experimental protocol and methods (code: WFR- NET-2013-
02355263) and informed consent was obtained from all study 
participants prior to the start of the present work. Ethical standards 
(Declaration of Helsinki) were applied.

The inclusion criteria to participate in the study were:

 1. An age range between 24 and 36 months at baseline.
 2. Two time points assessment across 2 years (including the 

assessment of EEF).
 3. All participants underwent the same assessment and ASD 

diagnosis was confirmed by clinical observation conducted by 
child psychologists and psychiatrists using DSM-5 criteria 
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(American Psychiatric Association, 2013) and confirmed with 
Autism Diagnostic Interview Revised (ADI-R) (Lord et al., 
1994) and Autism Diagnostic Observation Schedule- Second 
Edition (ADOS 2) (Lord et al., 2012). All children scored above 
the cutoff score of ADI-R [(A) total cutoff = 10; (B) (V) total 
cutoff = 8; (B) (NV) total cutoff = 7; (C) total cutoff = 3; (D) total 
cutoff = 1] and ADOS-2 according to calibrated severity scores 
(CSS; Hus et al., 2014; Esler et al., 2015).

 4. Absence of general medical, neurological, perinatal and 
genetic conditions.

 5. All children participating in the study had undergone 
interventions based on applied behavior analysis with no 
specific focus on EFs over the 2 years.

An initial sample of 53 children with ASD was recruited, but only 
45 children completed the two time point assessments. This sample 
was then stratified into three subgroups according to the GEC 
BRIEF-P at baseline (BL) and follow-up (FU):

 − Children with normal scores (≤64) at BL and FU were classified 
as stable EEF+ (N = 19).

 − Children with clinical scores (≥65) at BL and FU were classified 
as stable EEF (N = 10).

 − Children with clinical scores and normal scores at BL and/or FU 
were classified as variable EEF (N = 16).

In view of the exploratory and preliminary nature of this study, 
we decided to conduct our analyses only on stable groups (EEF+ and 
EEF− stables) because, to focus on the influence of EEF, we considered 
it more useful to evaluate children with permanently working or 
permanently impaired EEF. Otherwise, the results obtained from data 
of children with variable EEF could be biased by contextual factors 
which can affect the results. Therefore, of the remaining sample of 45 
participants, only 29 children with ASD were selected to carry on the 
principal analysis (Table 1).

Once our sample was selected, our specific aims were to:

 1. Investigate if there were differences in severity of autistic 
symptoms both on SA and RRB between the two subgroups 
(EEF+ and EEF−) at BL and at FU.

 2. Investigate if there were differences in emotional/behavioral 
problems between the two subgroups (EEF+ and EEF−) at BL 
and at FU.

We performed the Fischer test for gender and t-test for age to 
avoid any differences between the two groups for the demographical 
and clinical variables. The demographical data of the EEF+ and EEF− 
group are summarized in Table 2.

2.2. Materials

2.2.1. Everyday executive function assessment
The Behavior Rating Inventory of Executive Function - Preschool 

Version (BRIEF-P) was used to assess daily executive functioning. The 
BRIEF-P includes 63 items on a Likert scale of 1 = never, 2 = sometimes, 
and 3 = often. The scales are: Inhibition, Working Memory, 
Displacement, Emotional Control and Planning/Organization. These 
five scales are summarized into three indices, the Inhibitory Self-
Control Index (ISCI), Flexibility Index (FI), and Emergent 
Metacognition Index (EMI), as well as a Global Executive Composite 
Score (GEC). In our experiment, the BRIEF-P was rated by only one 
parent; the same parent rated BL and FU. Scores were converted to 
standardized T scores (M = 50, SD = 10) with T scores ≥65 (+1.5 SD) 
defined as clinical problems in EEF and higher scores indicating more 
severe impairment in functioning (Gioia et al., 1996; Isquith et al., 2014).

2.2.2. Cognitive development assessment
As a control analysis, we assessed cognitive development only at 

BL. For this purpose, we  used the Griffiths Mental Development 
Scales-Extended Revised (GMDS-ER; Luiz et al., 2006), a psychomotor 
developmental assessment tool that includes five different subscales 
(Locomotor, Personal-Social, Hearing and Language, Oculo-manual 
Coordination, and Performance) and also provides an overall score 
for each subscale and for the overall scale, the Developmental 
Quotient (DQ).

2.2.3. Autism symptoms assessment
To assess the severity of ASD symptoms, we used the Autism 

Diagnostic Observation Schedule Second Edition (ADOS-2) Module 
T, Module 1, and Module 2, a semi-structured assessment of 
communication, social interaction, and restricted and repetitive 
behaviors (Lord et al., 2012). Recently, Esler et al. (2015) published 
calibrated severity scores (CSS) that were obtained from the ADOS-2 
scores also within two subdomains, Social Affect (SA) CSS, and 
Restricted and Repetitive Behavior (RRB). Because the CSS is less 
influenced by child characteristics (e.g., verbal level and age), it can 
be used to provide more reliable estimates of ASD symptom severity 
(Hus et al., 2014; Esler et al., 2015). The ADOS-2 was repeated after 
two years of follow-up to test the experimental hypothesis.

2.2.4. Behavioral and emotional problem 
assessment

The Italian version of the Child Behavior Checklist (CBCL 1 ½ -5) 
(Achenbach and Rescorla, 2000) has been used for the assessment of 
behavioral and emotional problems. The CBCL 1 ½ -5 is one of the 
most widely used checklists. The CBCL provides seven syndromic 
scales, three summary scales, and five DSM-oriented scales (DOS). 

TABLE 1 Demographical and principal characteristics of the sample (N =  29).

Number Gender 
(M/F)

Age in 
months 

(Mean  ±  SD)

GMDS-
ER DQ 

Tot

ADOS 2 
Tot

ADOS 2 
CSS SA

ADOS 2 
CSS 
RRB

CBCL 
TOT

CBCL 
EXT

CBCL 
INT

Total 

group

29 24/5 29 ± 5.6 69 ± 12.8 6 ± 1 7 ± 1 7 ± 1 59 ± 8 56 ± 10 60 ± 8

GMDS-ER DQ Tot, Griffiths Mental Development Scales-Extended Revised Developmental Quotient Total (GMDS-ER Luiz et al., 2006); ADOS-2 Tot, Autism Diagnostic Observation 
Schedule Second Edition Total Score (Lord et al., 2012); CSS SA, Social Affect Calibrated Severity Score (Esler et al., 2015); CSS RRB, Restricted and Repetitive Behavior Calibrated Severity 
Score; CBCL TOT, Child Behavior Checklist 1½ − 5 Total Score (Achenbach and Rescorla, 2000); CBCL EXT, Child Behavior Checklist 1½ − 5 Externalizing Behavior; CBCL INT, Behavior 
Child Behavior Checklist 1½ − 5 Internalizing Behavior.
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Clinically significant scores are a T score of 64 and above for the 
summary scales and a T score of 70 and above for the syndrome-
oriented and DSM scales. Scores between 60 and 63 for the summary 
scales or between 65 and 69 for the syndrome- and DSM-oriented 
scales are borderline. Scores below 60 for the summary scales or 65 for 
the other scales are not considered clinically significant. To test the 
experimental hypothesis, the Child Behavior Checklist (CBCL 1.-5) 
was repeated after 2 years of follow-up.

2.3. Statistical approach

The statistical analyses were performed using the STATISTICA 
software, version 10.0 (StatSoft Inc.,).1

After the usage of the Shapiro–Wilk test to determine whether the 
distribution of individual scores in each test and subscales 
approximated Gaussian distributions, we decided to carry on all the 
analyses with non-parametric statistical tests. Specifically, the 
Wilcoxon test was used for within-groups analyses and the Mann–
Whitney U test was used for between-groups analyses.

1 www.statsoft.com

This decision was made since we  had two small groups, so 
non-parametric analyses would be  more reliable and appropriate. 
We  then used the Grubbs test (arbitrary threshold of p < 0.01) to 
exclude the possible presence of outliers that may alter the results. The 
test confirmed the absence of outliers.

The primary analysis was performed on the Child Behavior 
Checklist (CBCL 1½ − 5) scores, whereas a secondary analysis was 
made in order to see if the EEF− group could also show worse scores 
on scales assessing the severity of autistic symptoms. Finally, 
we carried out a control analysis to exclude that any results were due 
to differences in the overall cognitive levels between the two groups.

Because the CBCL test has many subscales and thus many 
comparisons to be  made, we  corrected the p value (Bonferroni 
correction) for 30 statistical comparisons (p < 0.05/30 = 0.001 = p < 0.05 
corrected) to give greater strength to the obtained results. For 
exploratory purposes, a statistical threshold of p < 0.05 uncorrected 
was also used. For the ADOS-2 and GMDS statistics, we used the 
uncorrected value of p as a reference.

3. Results

3.1. Cognitive development (GMDS-ER) 
analysis between EEF+ and EEF− groups at 
BL

The mean and standard deviation of the scores obtained at 
GMDS-ER by the two groups at the baseline condition are shown in 
Table A1 of the Appendix.

The Mann–Whitney test (p  < 0.05) showed no statistically 
significant differences between the EEF+ and EEF− groups. This was 
a confirmation that the general results observed did not depend on a 
cognitive difference between the two groups.

3.2. Autism symptoms severity differences 
between EEF+ and EEF− groups in ADOS 
total, CSS SA, and CSS RRB

The Wilcoxon test (p < 0.05) showed no statistically significant 
differences in the ADOS-2 subscales in the within-groups comparison 
considering baseline and follow-up in the EEF+ and in the EEF− 
groups (Table A2 in the Appendix).

In the between-groups comparison, a statistically significant 
difference was found between the two EEF+ and EEF− groups with 
regard to the subscales ADOS-2 SA CSS and ADOS-2 TOT CSS 
measured at follow-up (Table A3 in the Appendix). Specifically, the 
EEF− group showed higher scores than the EEF+ group (Figures 1, 2).

3.3. Behavioral and emotional problems

Summarizing the CBCL within-groups results, we found that in 
the group of subjects with EEF+, there was a high improvement (lower 
scores) in the Withdrawn and Pervasive Developmental Prob 
subscales (Wilcoxon test, p  < 0.05 corrected). Moreover, this 
improvement could also be observed in the Internalizing Problems, 
Externalizing Problems, Total Problems, and ADHD subscales 

TABLE 2 Demographical information of EEF+ (N =  19) and EEF− (N =  10) 
groups at baseline.

EEF+ EEF− Statistical test

Number 19 10

Gender (M/F) 15/4 9/1 Fischer test: n.s.

Age in months (Mean ± SD) 29 ± 6.21 29 ± 4.51 T-test: n.s.

EEF+, stable and normal scores on BRIEF-P on General Executive Component (GEC) (Gioia 
et al., 1996); EEF−, stable and clinical scores on BRIEF-P GEC. n.s means not significant.

FIGURE 1

Comparison of the mean  ±  SD of the scores obtained in the ADOS-2 
SA CSS at follow-up. Note: The ordinate axis refers to ADOS-2 SA 
CSS derived from Autism Diagnostic Observation Schedule Second 
Edition (Lord et al., 2012). EEF+, stable and normal scores on BRIEF-P 
on General Executive Component (GEC); EEF−, stable and clinical 
scores on BRIEF-P GEC (Gioia et al., 1996).
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(Wilcoxon test, p < 0.05; Table A4 in the Appendix). On the other 
hand, we observed higher scores obtained by the EEF− group in the 
Somatic Complaints subscale (Table A4 in the Appendix).

In the between groups comparisons, in the baseline condition, the 
EEF− group displayed significantly higher scores than EEF+ group in 
almost all subscales of the CBCL. When we looked at the scores obtained 
by children with ASD 2 years after baseline (follow-up), the EEF− group 
showed higher scores in almost all subscales, whereas the EEF+ group 
showed an overall improvement. These differences between the two 
groups were very pronounced, as shown in Table A5 in the Appendix; 
Figures 3–5.

The statistically significant differences observed between the two 
experimental groups increased when we considered follow-up. In fact, 
in general, the EEF+ showed lower and thus better scores in almost all 
subscales of the CBCL when compared to the EEF− group (Figures 3–5).

4. Discussion

Our preliminary results show that preschool-age children with 
stable difficulties in EEF across 2 years displayed an increase of mean 
scores in severity of autism symptoms compared with children 
without EEF difficulties. Furthermore, significant links between early 
EEF and behavioral/emotional problems have been demonstrated. In 
fact, our findings regarding autism symptoms demonstrated that 
stable difficulties in EEF seem to have a relationship especially with 
social affect (SA) difficulties, as previously indicated by others 
(McEvoy et al., 1993; Hill, 2004; Gökçen et al., 2016; Leung et al., 2016; 
Torske et al., 2018).

Moreover, data derived from some CBCL subscales in the within-
groups comparison (CBCL within EEF+ BL vs. FU Withdraw subscale 
and Pervasive Developmental Problems subscale) give support to our 
findings regarding the severity of autism symptoms on ADOS-2 CSS 
SA and ADOS-2 CSS TOT. This result was further confirmed by the 

comparison between the two groups (CBCL between EEF+ vs. EEF) 
that showed that even in subscales where there was no difference to 
the BL (i.e., the Withdrawn subscale), the EEF+ group had a significant 
improvement at FU. Together, these results suggest that early and 
stable EEF plays the role of a modifier by interacting with the core 
domains of ASD, in particular with the social affect domain (SA CSS), 
influencing social cognition and exacerbating or lessening symptom 
expression and emotional behavioral problems (Mundy et al., 2007; 
Bedford et al., 2019).

This result is partially in line with studies that found that social 
cognition difficulties, resulting from EF, were related to social-
communication symptoms in adolescents with ASD (Jones et al., 2018), 
in school-age children (Joseph and Tager-Flusberg, 2004), and in very 
young children (McEvoy et al., 1993). This association may emphasize 
the fact that many aspects of EF, in particular EEF, are important during 
sociality, during the initiation of social approach, in flexibility of social 
response, and in facial expressiveness during social interactions and 
self-regulation. However, in contrast with other previous studies 
(Turner, 1997; Lopez et al., 2005; South et al., 2007; Kenworthy et al., 
2009), we did not find relationships between EEF and restricted and 
repetitive behaviors (RRBs), even though the lack of this relationship is 
consistent with prior results in the preschool-age range (Dawson et al., 
1998). This data, if confirmed, would reinforce the need to study EEF 
from a developmental perspective, especially during the preschool-age 
period. Therefore, it is possible that some associations between EEF and 
RRBs during adolescence and adulthood are not present in preschool 
age children as previously shown by a recent longitudinal study in 
which RRB was evaluated with the Autism Diagnostic Interview-
Revised (ADI-R; Lord et  al., 1994) that suggested different 
developmental paths within this symptom domain (Richler et al., 2010).

We also found a relationship between stable EEF and emotional 
and behavioral problems. In particular, it has emerged that good and 
stable performance in EEF is associated with significant improvement 
over time in many aspects of emotional behavior problems (i.e., CBCL 
1½–5 INT, EXT, and TOT). This result was partially confirmed by 
Gardiner and Iarocci (2018) and by Wallace et al. (2016) in a sample 
of older children with ASD. Our result is also in line with a recent 
study in school-age children that suggests lower emotion regulation, 
defined as a necessary behavior to deal with external standards 
(Bridgett et  al., 2015), was a preventative factor for internalizing 
behavioral problems in children with ASD (De Lucia et al., 2021). A 
possible explanation for this phenomenon was suggested by Eysenck 
et al. (2007), in which anxiety interacts bidirectionally between the 
top-down attentional control system and the bottom-up stimulus-
driven attentional systems (Corbetta and Shulman, 2002), reducing 
control over attentional allocation and contributing to the risk of 
developing internalizing symptoms.

Another finding concerns the supposed role played by EEF in 
preserving individuals from attention and hyperactivity problems 
after two years. In fact, children with adequate and stable EEF have 
fewer problems in attention and hyperactivity. Moreover, for similar 
attention-deficit and hyperactivity difficulties at BL, children with 
EEF− showed significantly worse scores on the CBCL ADHD subscale 
after 2 years. This is partially in line with Vogan and colleagues, who 
found that, in school-age children, prior estimates of EEF, measured 
with the BRIEF Emotion Regulation Index, predicted later 
externalizing behaviors (Vogan et al., 2018). Furthermore, the result 
concerning sleep problems (CBLC Sleep subscale) may also suggests 

FIGURE 2

Comparison of the mean  ±  SD of the scores obtained in the ADOS-2 
TOT CSS at follow-up. Note: The ordinate axis refers to ADOS-2 TOT 
CSS derived from Autism Diagnostic Observation Schedule Second 
Edition (Lord et al., 2012). EEF+, stable and normal scores on BRIEF-P 
on General Executive Component (GEC); EEF−, stable and clinical 
scores on BRIEF-P GEC (Gioia et al., 1996).
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that early and stable difficulties in EEF may have negative 
repercussions over time on the sleep quality of children with ASD. In 
fact, there is growing evidence of a relationship between poor sleep 

during childhood and EEF in ASD (Holingue et al., 2021; Tesfaye 
et al., 2021) though still few studies have investigated this relationship 
in the preschool-age period.

FIGURE 3

Mean  ±  SD of the scores obtained in the various subscales of CBCL at baseline and follow-up in the EEF+ and EEF− groups. CBCL EMOT, emotionally 
reactive; CBCL ANX/DEP, anxious/depressed; CBCL SOMAT, somatic complaints; CBCL WITHR, Withdrawn; CBCL SLEEP, sleep problems.

FIGURE 4

Mean  ±  SD of the scores obtained in the various subscales of CBCL at baseline and follow-up in the EEF+ and EEF− groups. ATT, attention problems; 
AGGR, aggressive behavior; COMP INT, internalizing problems; EXTR PROB, externalizing problems; TOT PROB, total problems.
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We also confirmed that, for some children with ASD, stable 
impairments of EEF persist for 2 years and this is partially in line with 
other previous studies (Geurts et al., 2009; Rosenthal et al., 2013; 
Smithson et al., 2013; Granader et al., 2014; Van den Bergh et al., 2014) 
suggesting there might be  a ceiling on the extent to which such 
abilities can develop in children with autism (Griffith et al., 1999).

However, future studies may better investigate the development of 
EF during early childhood to clarify the importance of stability instead 
of variability in EEF over time and how this may contribute to the 
severity of autistic symptoms and emotional and behavioral difficulties.

As far as we know, there are three hypotheses proposed for the 
development of EF in individuals with ASD: the first hypothesis 
suggests that EF development in children and adolescents with ASD 
is delayed but follows a typical trajectory (Christ et  al., 2011); a 
second hypothesis proposes a deviant EF development in ASD 
(Ozonoff and McEvoy, 1994); and the third hypothesis suggests a 
delayed but parallel EF development in childhood followed by a 
deviant EF development in adulthood (Luna et  al., 2007). Our 
preliminary results add another possible perspective to the 
phenomenon: the importance of observing the tendency to improve 
(EEFs inc) or worsen (EEFs dec). It suggests that children with ASD 
and stable impairments of EEFs across two years during early 
childhood have the same developmental outcome regarding the 
severity of autistic symptoms and emotional behavioral problems as 
children with a decrease over time and vice versa (see Supplementary 
material). In fact, in the Supplementary material, we studied over 
time the two groups showing EEF variables—EEF increase “EEFinc” 
(with an improvement in EEFs over time) and EEF decrease “EEFdec” 
(with a worsening of EEFs over time)—that we did not consider in 
the main analyses. Preliminary and exploratory results showed that 
the group with EEFinc behaved like the EEF+ group while the 

EEFdec group was similar to the EEF− group. However, it would 
be appropriate for future studies to investigate this phenomenon on 
a larger sample to better understand the role of EEF in children 
with ASD.

Future studies will better investigate whether the tendency is more 
important than early observation at the single moment during the 
development process.

The current findings seem also to strengthen an independence 
between cognitive development assessed at the BL and EEF 
performance. This appears to be  confirmed by the total score 
(GMDS-ER TOTAL DQ) and all other GMDS-ER DQ subscales. This 
independence, in addition to being an indicator of methodological 
quality, is also the confirmation of an already known result (Valeri 
et al., 2020) in a sample of preschoolers with ASD assessed with an 
Italian neuropsychological battery for preschoolers based on a 
functional perspective of cognitive domains (BAFE; Valeri et al., 2015).

In conclusion, since early EF difficulties appear to have 
significative repercussions after only 2 years on the severity of autistic 
symptomatology and emotional and behavioral problems, our 
findings may also contribute to supporting research on EF as possible 
endophenotypes for ASD following the Research Domain Criteria 
(RDoC) framework (Insel, 2014) which reflects the key characteristics 
of neurodevelopment (developmental trajectories/sensitive periods; 
Casey et al., 2014; Mittal and Wakschlag, 2017) and can be particularly 
relevant to the study of neurodevelopmental conditions.

Finally, early identification of EEF difficulties in children with 
ASD raises awareness of the need for targeted EF interventions 
(Diamond et al., 2007) during the pre-school period (Valeri et al., 
2020) and underlines their relevance for social skills (Kenworthy et al., 
2014) and emotional and behavioral problems over time (Hollocks 
et al., 2014; Lawson et al., 2015).

FIGURE 5

Mean  ±  SD of the scores obtained in the various subscales of CBCL at baseline and follow-up in the EEF+ and EEF− groups. AFFECT PROB, affective 
problems; ANX PROB, anxiety problems; PERVAS DEV PROB, pervasive developmental problems; ADHD DEP, oppositional defiant problems.
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4.1. Limitations

The current study has some limitations. Due to the exploratory 
nature of the study, our sample was limited (29 children with ASD) and 
did not provide a comparison with a control group of TD or children 
with other neurodevelopment disorders. Moreover, the sample comes 
from a recruitment carried out on a clinical population and could 
be not representative of the general population. Finally, we decided to 
assess EF with parent report questionnaires, and this may be biased by 
the subjectivity of caregivers and a broad spectrum of other abilities of 
their children (e.g., language, cognitive, and motor processing). 
However, according to Bernstein and Waber (2007), EF are 
interconnected within neural networks that develop in the experiential 
context. So, in conclusion, we believe that the possibility of studying EF 
from an ecological perspective is also to be considered an enriching 
element for understanding the complexity of functioning of ASD.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Ethical Committee of Istituto Superiore di Sanità (Rome, 
Italy) approved all the parts of the experimental protocol and methods 
described in this paper (code: WFR- NET-2013-02355263). Written 
informed consent to participate in this study was provided by the 
participants' legal guardian/next of kin.

Author contributions

EL: conceptualization, formal analysis, investigation, and writing 
– original draft preparation. GV: conceptualization and investigation. 
FT: methodology and formal analysis. SG, LC, RLN, and SV: 

supervision and writing – review and editing. All authors contributed 
to the article and approved the submitted version.

Funding

This work was also supported by the Italian Ministry of Health 
with “Current Research” funds.

Acknowledgments

The authors wish to acknowledge the IRCCS Ospedale Pediatrico 
Bambino Gesù and the children and parents who participated in 
this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1092164/
full#supplementary-material

References

Achenbach, T. M., and Rescorla, L. A. (2000). Manual for the ASEBA Preschool Forms 
and Profiles (Vol. 30). Burlington, VT: University of Vermont, Research Center for 
Children, Youth, & Families.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders, 5th. Washington, DC, American Psychiatric Association; (2013).

Andersen, P. N., Skogli, E. W., Hovik, K. T., Egeland, J., and Øie, M. (2015a). 
Associations among symptoms of autism, symptoms of depression and executive 
functions in children with high-functioning autism: a 2 year followup study. J. Autism 
Dev. Disord. 45, 2497–2507. doi: 10.1007/s10803-015- 2415-8

Andersen, P. N., Skogli, E. W., Hovik, K. T., Geurts, H., Egeland, J., and Øie, M. 
(2015b). Working memory arrest in children with high-functioning autism compared 
to children with attention-deficit/hyperactivity disorder: results from a 2-year 
longitudinal study. Autism 19, 443–450. doi: 10.1177/1362361314524844

Anderson, P. (2002). Assessment and development of executive function (EF) during 
childhood. Child Neuropsychol. 8, 71–82. doi: 10.1076/chin.8.2.71.8724

Bauminger, N., Solomon, M., and Rogers, S. J. (2010). Externalizing and internalizing 
behaviors in ASD. Autism Res. 3, 101–112. doi: 10.1002/aur.131

Bedford, R., Gliga, T., Hendry, A., Jones, E. J., Pasco, G., Charman, T., et al. (2019). 
Infant regulatory function acts as a protective factor for later traits of autism spectrum 

disorder and attention deficit/hyperactivity disorder but not callous unemotional traits. 
J. Neurodev. Disord. 11, 1–11. doi: 10.1186/s11689-019-9274-0

Bernstein, J. H., and Waber, D. P. (2007). “Executive Function in Education,” in 
Chapter 3 “Executive Capacities From a Developmental Perspective”. ed. L. Meltzer (New 
York, London: The Guilford Press, 39–54.

Billstedt, E., Gillberg, I. C., and Gillberg, C. (2011). Aspects of quality of life in adults 
diagnosed with autism in childhood: A population-based study. Autism 15, 7–20. doi: 
10.1177/1362361309346066

Bishop-Fitzpatrick, L., Hong, J., Smith, L. E., Makuch, R. A., Greenberg, J. S., and 
Mailick, M. R. (2016). Characterizing objective quality of life and normative outcomes 
in adults with autism spectrum disorder: an exploratory latent class analysis. J. Autism 
Dev. Disord. 46, 2707–2719. doi: 10.1007/s10803-016-2816-3

Blijd-Hoogewys, E. M. A., Bezemer, M. L., and Van Geert, P. L. C. (2014). Executive 
functioning in children with ASD: an analysis of the BRIEF. J. Autism Dev. Disord. 44, 
3089–3100. doi: 10.1007/s10803-014-2176-9

Bridgett, D. J., Burt, N. M., Edwards, E. S., and Deater-Deckard, K. (2015). 
Intergenerational transmission of self-regulation: a multidisciplinary review and 
integrative conceptual framework. Psychol. Bull. 141, 602–654. doi: 10.1037/a0038662

Burgess, P. W., Alderman, N., Forbes, C., Costello, A., Coates, L., Dawson, D. R., et al. 
(2006). The case for the development and use of “ecologically valid” measures of 

https://doi.org/10.3389/fpsyg.2023.1092164
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1092164/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1092164/full#supplementary-material
https://doi.org/10.1007/s10803-015- 2415-8
https://doi.org/10.1177/1362361314524844
https://doi.org/10.1076/chin.8.2.71.8724
https://doi.org/10.1002/aur.131
https://doi.org/10.1186/s11689-019-9274-0
https://doi.org/10.1177/1362361309346066
https://doi.org/10.1007/s10803-016-2816-3
https://doi.org/10.1007/s10803-014-2176-9
https://doi.org/10.1037/a0038662


Lupi et al. 10.3389/fpsyg.2023.1092164

Frontiers in Psychology 10 frontiersin.org

executive function in experimental and clinical neuropsychology. J. Int. Neuropsychol. 
Soc. 12, 194–209. doi: 10.1017/S1355617706060310

Casey, B. J., Oliveri, M. E., and Insel, T. (2014). A neurodevelopmental perspective on 
the research domain criteria (RDoC) framework. Biol. Psychiatry 76, 350–353. doi: 
10.1016/j.biopsych.2014.01.006

Christ, S. E., Kester, L. E., Bodner, K. E., and Miles, J. H. (2011). Evidence for selective 
inhibitory impairment in individuals with autism spectrum disorder. Neuropsychology 
25, 690–701. doi: 10.1037/a0024256

Corbetta, M., and Shulman, G. L. (2002). Control of goal-directed and stimulus-
driven attention in the brain. Nat. Rev. Neurosci. 3, 201–215. doi: 10.1038/nrn755

Dawson, G., Meltzoff, A. N., Osterling, J., and Rinaldi, J. (1998). Neuropsychological 
correlates of early symptoms of autism. Child Dev. 69, 1276–1285. doi: 
10.1111/j.14678624.1998.tb06211.x

Dawson, G., Munson, J., Estes, A., Osterling, J., McPartland, J., Toth, K., et al. (2002). 
Neurocognitive function and joint attention ability in young children with autism 
spectrum disorder versus developmental delay. Child Dev. 73, 345–358. doi: 
10.1111/1467-8624.00411

D'Cruz, A. M., Ragozzino, M. E., Mosconi, M. W., Shrestha, S., Cook, E. H., and 
Sweeney, J. A. (2013). Reduced behavioral flexibility in autism spectrum disorders. 
Neuropsychology 27, 152–160. doi: 10.1037/a0031721

De Lucia, E. A., McKenna, M. P., Andrzejewski, T. M., Valentino, K., and 
McDonnell, C. G. (2021). A pilot study of self-regulation and behavior problems in 
preschoolers with ASD: parent broader autism phenotype traits relate to child emotion 
regulation and inhibitory control. J. Autism Dev. Disord. 52, 1–15. doi: 10.1007/
s10803-021-05322-z

Demetriou, E. A., Lampit, A., Quintana, D. S., Naismith, S. L., Song, Y. J. C., Pye, J., 
et al. (2018). Autism spectrum disorders: a meta-analysis of executive function. Mol. 
Psychiatry 23, 1198–1204. doi: 10.1038/mp.2017.75

Diamond, A., Barnett, W. S., Thomas, J., and Munro, S. (2007). Preschool program 
improves cognitive control. Science 318, 1387–1388. doi: 10.1126/science.1151148

Esler, A. N., Bal, V. H., Guthrie, W., Wetherby, A., Weismer, S. E., and Lord, C. (2015). 
The autism diagnostic observation schedule, toddler module: standardized severity 
scores. J. Autism Dev. Disord. 45, 2704–2720. doi: 10.1007/s10803-015-2432-7

Espy, K. A. (2004). Using developmental, cognitive and neuroscience approaches to 
understand executive control in young children. Dev. Neuropsychol. 26, 379–384. doi: 
10.1207/s15326942dn2601_1

Eysenck, M. W., Derakshan, N., Santos, R., and Calvo, M. G. (2007). Anxiety and 
cognitive performance: attentional control theory. Emotion 7, 336–353. doi: 
10.1037/1528-3542.7.2.336

Faja, S., Dawson, G., Sullivan, K., Meltzoff, A. N., Estes, A., and Bernier, R. (2016). 
Executive function predicts the development of play skills for verbal preschoolers with 
autism spectrum disorders. Autism Res. 9, 1274–1284. doi: 10.1002/aur.1608

Gardiner, E., Hutchison, S. M., Müller, U., Kerns, K. A., and Iarocci, G. (2017). 
Assessment of executive function in young children with and without ASD using parent 
ratings and computerized tasks of executive function. Clin. Neuropsychol. 31, 1283–1305. 
doi: 10.1080/13854046.2017.1290139

Gardiner, E., and Iarocci, G. (2018). Everyday executive function predicts adaptive 
and internalizing behavior among children with and without autism spectrum disorder. 
Autism Res. 11, 284–295. doi: 10.1002/aur.1877

Garon, N., Smith, I. M., and Bryson, S. E. (2018). Early executive dysfunction in ASD: 
simple versus complex skills. Autism Res. 11, 318–330. doi: 10.1002/aur.1893

Geurts, H. M., Corbett, B., and Solomon, M. (2009). The paradox of cognitive 
flexibility in autism. Trends Cogn. Sci. 13, 74–82. doi: 10.1016/j.tics.2008.11.006

Gilotty, L., Kenworthy, L., Sirian, L., Black, D. O., and Wagner, A. E. (2002). Adaptive 
skills and executive function in autism spectrum disorders. Child Neuropsychol. 8, 
241–248. doi: 10.1076/chin.8.4.241.13504

Gioia, G. A., Andrwes, K., and Isquith, P. K. (1996). Behavior Rating Inventory of Executive 
Function-Preschool Version (BRIEF-P). Odessa, FL: Psychological Assessment Resources.

Gioia, G.A., Isquith, P.K., Guy, S., and Kenworthy, L. (2000). BRIEF: Behavior Rating 
Inventory of Executive Function. Odessa: Psychological Assessment Resources.

Gökçen, E., Frederickson, N., and Petrides, K. V. (2016). Theory of mind and executive 
control deficits in typically developing adults and adolescents with high levels of autism 
traits. J. Autism Dev. Disord. 46, 2072–2087. doi: 10.1007/s10803-016-2735-3

Granader, Y., Wallace, G. L., Hardy, K. K., Yerys, B. E., Lawson, R. A., Rosenthal, M., 
et al. (2014). Characterizing the factor structure of parent reported executive function 
in autism spectrum disorders: the impact of cognitive inflexibility. J. Autism Dev. Disord. 
44, 3056–3062. doi: 10.1007/s10803-014-2169-8

Griffith, E. M., Pennington, B. F., Wehner, E. A., and Rogers, S. J. (1999). Executive 
functions in young children with autism. Child Dev. 70, 817–832. doi: 
10.1111/1467-8624.00059

Hill, E. L. (2004). Executive dysfunction in autism. Trends Cogn. Sci. 8, 26–32. doi: 
10.1016/j.tics.2003.11.003

Holingue, C., Volk, H., Crocetti, D., Gottlieb, B., Spira, A. P., and Mostofsky, S. H. 
(2021). Links between parent-reported measures of poor sleep and executive function 

in childhood autism and attention deficit hyperactivity disorder. Sleep Health 7, 375–383. 
doi: 10.1016/j.sleh.2020.12.006

Hollocks, M. J., Jones, C. R., Pickles, A., Baird, G., Happé, F., Charman, T., et al. (2014). 
The association between social cognition and executive functioning and symptoms of 
anxiety and depression in adolescents with autism spectrum disorders. Autism Res. 7, 
216–228. doi: 10.1002/aur.1361

Hughes, C., Ensor, R., Wilson, A., and Graham, A. (2009). Tracking executive function 
across the transition to school: A latent variable approach. Dev. Neuropsychol. 35, 20–36. 
doi: 10.1080/87565640903325691

Hus, V., Gotham, K., and Lord, C. (2014). Standardizing ADOS domain scores: 
separating severity of social affect and restricted and repetitive behaviors. J. Autism Dev. 
Disord. 44, 2400–2412. doi: 10.1007/s10803-012-1719-1

Insel, T. R. (2014). The NIMH research domain criteria (RDoC) project: precision 
medicine for psychiatry. Am. J. Psychiatr. 171, 395–397. doi: 10.1176/appi.
ajp.2014.14020138

Isquith, P. K., Roth, R. M., Kenworthy, L., and Gioia, G. (2014). Contribution of rating 
scales to intervention for executive dysfunction. Appl. Neuropsychol. Child 3, 197–204. 
doi: 10.1080/21622965.2013.870014

Johnston, K. H. S., and Iarocci, G. (2017). Are generalized anxiety and depression 
symptoms associated with social competence in children with and without autism 
spectrum disorder? J. Autism Dev. Disord. 47, 3778–3788. doi: 10.1007/
s10803-017-3056-x

Jones, C. R., Simonoff, E., Baird, G., Pickles, A., Marsden, A. J., Tregay, J., et al. (2018). 
The association between theory of mind, executive function, and the symptoms of 
autism spectrum disorder. Autism Res. 11, 95–109. doi: 10.1002/aur.1873

Joseph, R. M., and Tager-Flusberg, H. E. L. E. N. (2004). The relationship of theory of 
mind and executive functions to symptom type and severity in children with autism. 
Dev. Psychopathol. 16, 137–155. doi: 10.1017/S095457940404444X

Kenny, L., Cribb, S. J., and Pellicano, E. (2019). Childhood executive function predicts 
later autistic features and adaptive behavior in young autistic people: A 12-year 
prospective study. J. Abnorm. Child Psychol. 47, 1089–1099. doi: 10.1007/
s10802-018-0493-8

Kenworthy, L., Anthony, L. G., Naiman, D. Q., Cannon, L., Wills, M. C., 
Luong-Tran, C., et al. (2014). Randomized controlled effectiveness trial of executive 
function intervention for children on the autism spectrum. J. Child Psychol. Psychiatry 
55, 374–383. doi: 10.1111/jcpp.12161

Kenworthy, L., Black, D. O., Harrison, B., Della Rosa, A., and Wallace, G. L. (2009). 
Are executive control functions related to autism symptoms in high-functioning 
children? Child Neuropsychol. 15, 425–440. doi: 10.1080/09297040802646983

Kenworthy, L., Yerys, B. E., Anthony, L. G., and Wallace, G. L. (2008). Understanding 
executive control in autism spectrum disorders in the lab and in the real world. 
Neuropsychol. Rev. 18, 320–338. doi: 10.1007/s11065-008-9077-7

Kim, J. A., Szatmari, P., Bryson, S. E., Streiner, D. L., and Wilson, F. J. (2000). The 
prevalence of anxiety and mood problems among children with autism and Asperger 
syndrome. Autism 4, 117–132. doi: 10.1177/1362361300004002002

Lawson, R. A., Papadakis, A. A., Higginson, C. I., Barnett, J. E., Wills, M. C., 
Strang, J. F., et al. (2015). Everyday executive function impairments predict comorbid 
psychopathology in autism spectrum and attention deficit hyperactivity disorders. 
Neuropsychology 29, 445–453. doi: 10.1037/neu0000145

Leung, R. C., Vogan, V. M., Powell, T. L., Anagnostou, E., and Taylor, M. J. (2016). The 
role of executive functions in social impairment in autism spectrum disorder. Child 
Neuropsychol. 22, 336–344. doi: 10.1080/09297049.2015.1005066

Liss, M., Fein, D., Allen, D., Dunn, M., Feinstein, C., Morris, R., et al. (2001). Executive 
functioning in high-functioning children with autism. J. Child Psychol. Psychiatry 42, 
261–270. doi: 10.1111/1469-7610.00717

Lopez, B. R., Lincoln, A. J., Ozonoff, S., and Lai, Z. (2005). Examining the relationship 
between executive functions and restricted, repetitive symptoms of autistic disorder. J. 
Autism Dev. Disord. 35, 445–460. doi: 10.1007/s10803- 005-5035-x

Lord, C., Brugha, T. S., Charman, T., Cusack, J., Dumas, G., Frazier, T., et al. (2020). 
Autism spectrum disorder. Nat. Rev. Dis. Primers. 6, 1–23. doi: 10.1038/
s41572-019-0138-4

Lord, C., Rutter, M., DiLavore, P. C., Risi, S., Gotham, K., and Bishop, S. (2012) in 
Autism Diagnostic Observation Schedule—Second Edition (ADOS-2). Los Angeles: 
Western Psychological Service Italian Edition. eds. C. Colombi, R. Tancredi, A. Persico 
and A. Faggioli (Hogrefe Editore: Firenze)

Lord, C., Rutter, M., and Le Couteur, A. (1994). Autism diagnostic interview-revised: 
a revised version of a diagnostic interview for caregivers of individuals with possible 
pervasive developmental disorders. J. Autism Dev. Disord. 24, 659–685. doi: 10.1007/
BF02172145

Luiz, D., Barnard, A., Knoesen, N., Kotras, N., Horrocks, S., McAlinden, P., et al. (2006) 
in GMDS-ER 2-8—Griffiths Mental Development Scales—Extended Revised: 2 to 8 Years. 
eds. C. Cianchetti and G. S. Fancello. Italian ed (Firenze: Giunti Organizzazioni Speciali)

Luna, B., Doll, S. K., Hegedus, S. J., Minshew, N. J., and Sweeney, J. A. (2007). 
Maturation of executive function in autism. Biol. Psychiatry 61, 474–481. doi: 10.1016/j.
biopsych.2006.02.030

https://doi.org/10.3389/fpsyg.2023.1092164
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1017/S1355617706060310
https://doi.org/10.1016/j.biopsych.2014.01.006
https://doi.org/10.1037/a0024256
https://doi.org/10.1038/nrn755
https://doi.org/10.1111/j.14678624.1998.tb06211.x
https://doi.org/10.1111/1467-8624.00411
https://doi.org/10.1037/a0031721
https://doi.org/10.1007/s10803-021-05322-z
https://doi.org/10.1007/s10803-021-05322-z
https://doi.org/10.1038/mp.2017.75
https://doi.org/10.1126/science.1151148
https://doi.org/10.1007/s10803-015-2432-7
https://doi.org/10.1207/s15326942dn2601_1
https://doi.org/10.1037/1528-3542.7.2.336
https://doi.org/10.1002/aur.1608
https://doi.org/10.1080/13854046.2017.1290139
https://doi.org/10.1002/aur.1877
https://doi.org/10.1002/aur.1893
https://doi.org/10.1016/j.tics.2008.11.006
https://doi.org/10.1076/chin.8.4.241.13504
https://doi.org/10.1007/s10803-016-2735-3
https://doi.org/10.1007/s10803-014-2169-8
https://doi.org/10.1111/1467-8624.00059
https://doi.org/10.1016/j.tics.2003.11.003
https://doi.org/10.1016/j.sleh.2020.12.006
https://doi.org/10.1002/aur.1361
https://doi.org/10.1080/87565640903325691
https://doi.org/10.1007/s10803-012-1719-1
https://doi.org/10.1176/appi.ajp.2014.14020138
https://doi.org/10.1176/appi.ajp.2014.14020138
https://doi.org/10.1080/21622965.2013.870014
https://doi.org/10.1007/s10803-017-3056-x
https://doi.org/10.1007/s10803-017-3056-x
https://doi.org/10.1002/aur.1873
https://doi.org/10.1017/S095457940404444X
https://doi.org/10.1007/s10802-018-0493-8
https://doi.org/10.1007/s10802-018-0493-8
https://doi.org/10.1111/jcpp.12161
https://doi.org/10.1080/09297040802646983
https://doi.org/10.1007/s11065-008-9077-7
https://doi.org/10.1177/1362361300004002002
https://doi.org/10.1037/neu0000145
https://doi.org/10.1080/09297049.2015.1005066
https://doi.org/10.1111/1469-7610.00717
https://doi.org/10.1007/s10803- 005-5035-x
https://doi.org/10.1038/s41572-019-0138-4
https://doi.org/10.1038/s41572-019-0138-4
https://doi.org/10.1007/BF02172145
https://doi.org/10.1007/BF02172145
https://doi.org/10.1016/j.biopsych.2006.02.030
https://doi.org/10.1016/j.biopsych.2006.02.030


Lupi et al. 10.3389/fpsyg.2023.1092164

Frontiers in Psychology 11 frontiersin.org

Magnuson, K. M., and Constantino, J. N. (2011). Characterization of depression in 
children with autism spectrum disorders. J. Dev. Behav. Pediatr. 32, 332–340. doi: 
10.1097/DBP.0b013e318213f56c

Martel, M. M., Nigg, J. T., Wong, M. M., Fitzgerald, H. E., Jester, J. M., Puttler, L. I., 
et al. (2007). Childhood and adolescent resiliency, regulation, and executive functioning 
in relation to adolescent problems and competence in a high-risk sample. Dev. 
Psychopathol. 19, 541–563. doi: 10.1017/S0954579407070265

McEvoy, R. E., Rogers, S. J., and Pennington, B. F. (1993). Executive function and 
social communication deficits in young autistic children. J. Child Psychol. Psychiatry 34, 
563–578. doi: 10.1111/j.1469-7610.1993.tb01036.x

Meltzer, L., and Krishnan, K. (2007). Executive function difficulties and learning 
disabilities. Exe. Function Educ. From Theory Pract. 77:105.

Mittal, V. A., and Wakschlag, L. S. (2017). Research domain criteria (RDoC) grows 
up: strengthening neurodevelopmental investigation within the RDoC framework. J. 
Affect. Disord. 216, 30–35. doi: 10.1016/j.jad.2016.12.011

Mosconi, M. W., Kay, M., D'cruz, A. M., Seidenfeld, A., Guter, S., Stanford, L. D., et al. 
(2009). Impaired inhibitory control is associated with higher-order repetitive behaviors 
in autism spectrum disorders. Psychol. Med. 39, 1559–1566. doi: 10.1017/
S0033291708004984

Mundy, P. C., Henderson, H. A., Inge, A. P., and Coman, D. C. (2007). The modifier 
model of autism and social development in higher functioning children. Res Pract 
Persons Severe Disabl. 32, 124–139. doi: 10.2511/rpsd.32.2.124

Ozonoff, S., Cook, I., Coon, H., Dawson, G., Joseph, R. M., Klin, A., et al. (2004). 
Performance on Cambridge NeuropsychologicalTest automated battery subtests 
sensitive to frontal lobe function in people with autistic disorder: evidence from the 
collaborative programs of excellence in autism network. J. Autism Dev. Disord. 34, 
139–150. doi: 10.1023/B:JADD.0000022605.81989.cc

Ozonoff, S., and McEvoy, R. E. (1994). A longitudinal study of executive function and 
theory of mind development in autism. Dev. Psychopathol. 6, 415–431. doi: 10.1017/
S0954579400006027

Ozonoff, S. A. L. L. Y., and Schetter, P. L. (2007). “Executive function in education. 
From theory to practice,” in Chapter 7 “Executive Dysfunction in Autism Spectrum 
Disorders”. ed. L. Meltzer (New York London: The Guilford Press) 133–160.

Pellicano, E. (2007). Links between theory of mind and executive function in young 
children with autism: clues to developmental primacy. Dev. Psychol. 43, 974–990. doi: 
10.1037/0012-1649.43.4.974

Pellicano, E. (2010). Individual differences in executive function and central coherence 
predict developmental changes in theory of mind in autism. Dev. Psychol. 46, 530–544. 
doi: 10.1037/a0018287

Pennington, B. F., and Ozonoff, S. (1996). Executive functions and developmental 
psychopathology. J. Child Psychol. Psychiatry 37, 51–87. doi: 10.1111/j.1469-7610.1996.
tb01380.x

Pugliese, C. E., Anthony, L. G., Strang, J. F., Dudley, K., Wallace, G. L., Naiman, D. Q., 
et al. (2016). Longitudinal examination of adaptive behavior in autism spectrum 
disorders: influence of executive function. J. Autism Dev. Disord. 46, 467–477. doi: 
10.1007/s10803-015-2584-5

Reed, P., Watts, H., and Truzoli, R. (2013). Flexibility in young people with autism 
spectrum disorders on a card sort task. Autism 17, 162–171. doi: 10.1177/1362361311409599

Renty, J. O., and Roeyers, H. (2006). Quality of life in high-functioning adults with 
autism spectrum disorder: the predictive value of disability and support characteristics. 
Autism 10, 511–524. doi: 10.1177/1362361306066604

Richler, J., Huerta, M., Bishop, S. L., and Lord, C. (2010). Developmental trajectories 
of restricted and repetitive behaviors and interests in children with autism spectrum 
disorders. Dev. Psychopathol. 22, 55–69. doi: 10.1017/S0954579409990265

Riggs, N. R., Jahromi, L. B., Razza, R. P., Dillworth-Bart, J. E., and Mueller, U. (2006). 
Executive function and the promotion of social–emotional competence. J. Appl. Dev. 
Psychol. 27, 300–309. doi: 10.1016/j.appdev.2006.04.002

Rosello, B., Berenguer, C., Baixauli, I., Colomer, C., and Miranda, A. (2018). ADHD 
symptoms and learning behaviors in children with ASD without intellectual disability. 
A mediation analysis of executive functions. PLoS One 13:e0207286. doi: 10.1371/
journal.pone.0207286

Rosenberg, R. E., Kaufmann, W. E., Law, J. K., and Law, P. A. (2011). Parent report of 
community psychiatric comorbid diagnoses in autism spectrum disorders. Autism Res. 
Treat. 2011, 1–10. doi: 10.1155/2011/405849

Rosenthal, M., Wallace, G. L., Lawson, R., Wills, M. C., Dixon, E., Yerys, B. E., et al. 
(2013). Impairments in real-world executive function increase from childhood to 
adolescence in autism spectrum disorders. Neuropsychology 27, 13–18. doi: 10.1037/
a0031299

Russell, J. E. (1997). Autism as an Executive Disorder Oxford University Press.

Semrud-Clikeman, M., Walkowiak, J., Wilkinson, A., and Butcher, B. (2010). 
Executive functioning in children with Asperger syndrome, ADHD-combined type, 
ADHD-predominately inattentive type, and controls. J. Autism Dev. Disord. 40, 
1017–1027. doi: 10.1007/s10803-010-0951-9

Sergeant, J. A., Geurts, H. M., and Oosterlaan, J. (2002). How specific is a deficit of 
executive functioning for attention-deficit/hyperactivity disorder? Behav. Brain Res. 130, 
3–28. doi: 10.1016/S0166-4328(01)00430-2

Simonoff, E., Jones, C. R., Pickles, A., Happé, F., Baird, G., and Charman, T. (2012). 
Severe mood problems in adolescents with autism spectrum disorder. J. Child Psychol. 
Psychiatry 53, 1157–1166. doi: 10.1111/j.1469-7610.2012.02600.x

Smithson, P. E., Kenworthy, L., Wills, M. C., Jarrett, M., Atmore, K., and Yerys, B. E. 
(2013). Real world executive control impairments in preschoolers with autism spectrum 
disorders. J. Autism Dev. Disord. 43, 1967–1975. doi: 10.1007/s10803-012-1747-x

Solomon, M., Ozonoff, S., Cummings, N., and Carter, C. S. (2008). Cognitive control 
in autism spectrum disorders. Int. J. Dev. Neurosci. 26, 239–247. doi: 10.1016/j.
ijdevneu.2007.11.001

South, M., Ozonoff, S., and McMahon, W. M. (2007). The relationship between 
executive functioning, central coherence, and repetitivebehaviors in the high-
functioning autism spectrum. Autism 11, 437–451. doi: 10.1177/1362361307079606

Stahl, L., and Pry, R. (2002). Joint attention and set-shifting in young children with 
autism. Autism 6, 383–396. doi: 10.1177/1362361302006004005

Strang, J. F., Kenworthy, L., Daniolos, P., Case, L., Wills, M. C., Martin, A., et al. (2012). 
Depression and anxiety symptoms in children and adolescents with autism spectrum 
disorders without intellectual disability. Res. Autism Spectr. Disord. 6, 406–412. doi: 
10.1016/j.rasd.2011.06.015

Swanson, J. (2005). The delis-Kaplan executive function system: a review. Can. J. Sch. 
Psychol. 20, 117–128. doi: 10.1177/0829573506295469

Tager-Flusberg, H. (2003). Exploring the relationship between theory of mind and 
social-communicative functioning in children with autism. Individual differences in 
theory of mind, 197–212.

Tesfaye, R., Wright, N., Zaidman-Zait, A., Bedford, R., Zwaigenbaum, L., Kerns, C. M., 
et al. (2021). Investigating longitudinal associations between parent reported sleep in 
early childhood and teacher reported executive functioning in school-aged children with 
autism. Sleep 44:zsab122. doi: 10.1093/sleep/zsab122

Toplak, M. E., West, R. F., and Stanovich, K. E. (2013). Do performance-based 
measures and ratings of executive function assess the same construct? J. Child Psychol. 
Psychiatry 54, 131–143. doi: 10.1111/jcpp.12001

Torske, T., Nærland, T., Øie, M. G., Stenberg, N., and Andreassen, O. A. (2018). 
Metacognitive aspects of executive function are highly associated with social functioning 
on parent-rated measures in children with autism spectrum disorder. Front. Behav. 
Neurosci. 11:258. doi: 10.3389/fnbeh.2017.00258

Tsermentseli, S., Tabares, J. F., and Kouklari, E. C. (2018). The role of every-day executive 
function in social impairment and adaptive skills in autism spectrum disorder with 
intellectual disability. Res. Autism Spectr. Disord. 53, 1–6. doi: 10.1016/j.rasd.2018.05.006

Turner, M. (1997). Towards an Executive Dysfunction Account of Repetitive Behaviour 
in Autism.

Valeri, G., Casula, L., Napoli, E., Stievano, P., Trimarco, B., Vicari, S., et al. (2020). 
Executive functions and symptom severity in an Italian sample of intellectually able 
preschoolers with autism spectrum disorder. J. Autism Dev. Disord. 50, 3207–3215. doi: 
10.1007/s10803-019-04102-0

Valeri, G., Stievano, P., Ferretti, M. L., Mariani, E., and Pieretti, M. (2015). BAFE: 
Batteria per l’Assessment delle Funzioni Esecutive. Firenze. Hogrefe Editore.

Van den Bergh, S. F., Scheeren, A. M., Begeer, S., Koot, H. M., and Geurts, H. M. 
(2014). Age related differences of executive functioning problems in everyday life of 
children and adolescents in the autism Spectrum. J. Autism Dev. Disord. 44, 1959–1971. 
doi: 10.1007/s10803-014-2071-4

Verte, S., Geurts, H. M., Roeyers, H., Oosterlaan, J., and Sergeant, J. A. (2006). The 
relationship of working memory, inhibition, and response variability in child 
psychopathology. J. Neurosci. Methods 151, 5–14. doi: 10.1016/j.jneumeth. 2005.08.023

Vogan, V. M., Leung, R. C., Safar, K., Martinussen, R., Smith, M. L., and Taylor, M. J. 
(2018). Longitudinal examination of everyday executive functioning in children with 
ASD: relations with social, emotional, and behavioral functioning over time. Front. 
Psychol. 9:1774. doi: 10.3389/fpsyg.2018.01774

Wallace, G. L., Kenworthy, L., Pugliese, C. E., Popal, H. S., White, E. I., Brodsky, E., et al. 
(2016). Real-world executive functions in adults with autism spectrumdisorder: profiles of 
impairment and associations with adaptive functioning and co-morbid anxiety and 
depression. J. Autism Dev. Disord. 46, 1071–1083. doi: 10.1007/s10803-015-2655-7

White, S. W., and Roberson-Nay, R. (2009). Anxiety, social deficits, and loneliness in 
youth with autism spectrum disorders. J. Autism Dev. Disord. 39, 1006–1013. doi: 
10.1007/s10803-009-0713-8

Wiebe, S. A., Espy, K. A., and Charak, D. (2008). Using confirmatory factor analysis 
to understand executive control in preschool children: I. Latent structure. Dev. Psychol. 
44, 575–587. doi: 10.1037/0012-1649.44.2.575

Wiebe, S. A., Sheffield, T., Nelson, J. M., Clark, C. A., Chevalier, N., and Espy, K. A. 
(2011). The structure of executive function in 3-year-olds. J. Exp. Child Psychol. 108, 
436–452.

Yerys, B. E., Hepburn, S. L., Pennington, B. F., and Rogers, S. J. (2007). Executive 
function in preschoolers with autism: evidence consistent with a secondary deficit. J. 
Autism Dev. Discord. 37, 1068–1079. doi: 10.1007/s10803-006-0250-7

Yerys, B. E., Wallace, G. L., Harrison, B., Celano, M. J., Giedd, J. N., and Kenworthy, L. 
(2009). Set-shifting in children with autism spectrum disorders: reversal shifting deficits 
on the intradimensional/extradimensional shift test correlate with repetitive behaviors. 
Autism 13, 523–538. doi: 10.1177/1362361309335716

https://doi.org/10.3389/fpsyg.2023.1092164
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1097/DBP.0b013e318213f56c
https://doi.org/10.1017/S0954579407070265
https://doi.org/10.1111/j.1469-7610.1993.tb01036.x
https://doi.org/10.1016/j.jad.2016.12.011
https://doi.org/10.1017/S0033291708004984
https://doi.org/10.1017/S0033291708004984
https://doi.org/10.2511/rpsd.32.2.124
https://doi.org/10.1023/B:JADD.0000022605.81989.cc
https://doi.org/10.1017/S0954579400006027
https://doi.org/10.1017/S0954579400006027
https://doi.org/10.1037/0012-1649.43.4.974
https://doi.org/10.1037/a0018287
https://doi.org/10.1111/j.1469-7610.1996.tb01380.x
https://doi.org/10.1111/j.1469-7610.1996.tb01380.x
https://doi.org/10.1007/s10803-015-2584-5
https://doi.org/10.1177/1362361311409599
https://doi.org/10.1177/1362361306066604
https://doi.org/10.1017/S0954579409990265
https://doi.org/10.1016/j.appdev.2006.04.002
https://doi.org/10.1371/journal.pone.0207286
https://doi.org/10.1371/journal.pone.0207286
https://doi.org/10.1155/2011/405849
https://doi.org/10.1037/a0031299
https://doi.org/10.1037/a0031299
https://doi.org/10.1007/s10803-010-0951-9
https://doi.org/10.1016/S0166-4328(01)00430-2
https://doi.org/10.1111/j.1469-7610.2012.02600.x
https://doi.org/10.1007/s10803-012-1747-x
https://doi.org/10.1016/j.ijdevneu.2007.11.001
https://doi.org/10.1016/j.ijdevneu.2007.11.001
https://doi.org/10.1177/1362361307079606
https://doi.org/10.1177/1362361302006004005
https://doi.org/10.1016/j.rasd.2011.06.015
https://doi.org/10.1177/0829573506295469
https://doi.org/10.1093/sleep/zsab122
https://doi.org/10.1111/jcpp.12001
https://doi.org/10.3389/fnbeh.2017.00258
https://doi.org/10.1016/j.rasd.2018.05.006
https://doi.org/10.1007/s10803-019-04102-0
https://doi.org/10.1007/s10803-014-2071-4
https://doi.org/10.1016/j.jneumeth. 2005.08.023
https://doi.org/10.3389/fpsyg.2018.01774
https://doi.org/10.1007/s10803-015-2655-7
https://doi.org/10.1007/s10803-009-0713-8
https://doi.org/10.1037/0012-1649.44.2.575
https://doi.org/10.1007/s10803-006-0250-7
https://doi.org/10.1177/1362361309335716

	Early and stable difficulties of everyday executive functions predict autism symptoms and emotional/behavioral problems in preschool age children with autism: a 2-year longitudinal study
	1. Introduction
	1.1. The relationship between EF/EEF and ASD symptoms
	1.2. The relationship between EF/EEF and emotional and behavioral problems in ASD
	1.3. Research aims

	2. Methods
	2.1. Participants
	2.2. Materials
	2.2.1. Everyday executive function assessment
	2.2.2. Cognitive development assessment
	2.2.3. Autism symptoms assessment
	2.2.4. Behavioral and emotional problem assessment
	2.3. Statistical approach

	3. Results
	3.1. Cognitive development (GMDS-ER) analysis between EEF+ and EEF− groups at BL
	3.2. Autism symptoms severity differences between EEF+ and EEF− groups in ADOS total, CSS SA, and CSS RRB
	3.3. Behavioral and emotional problems

	4. Discussion
	4.1. Limitations

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

